Yiu (1)
The tonal inventory of Jieyang Tone number (Xu 2007) Tone letter (Bao 1996) Each of the six tones undergoes sandhi to another tone depending on whether the tone is on the first or second syllable of a disyllabic unit, regardless of the tonal content of the trigger. Right dominant tone sandhi refers to tonal changes observed on the left syllable whereas left dominant tone sandhi on the right. (2) also shows that right dominant tone sandhi holds four different tones (H, M, L, and MH) in its sandhi position, and left dominant position holds only two (L and LM) in its sandhi position. We will come back to more discussion of this characteristic in Section 5.
(2)
Right and left dominant tone sandhi (Xu 2007) Citation tone Right dominant tone sandhi Left dominant tone sandhi
With bidirectional tone sandhi (Zhang 2007) within one language, not only can we make within sandhi type comparison between the first and second syllables, but also across sandhi type comparison between the citation syllables in both sandhi types, between the sandhi syllables in both types, and between the sandhi syllables and their citation counterparts in the other type. This offers a six-way comparison in terms of duration and intensity to unveil the relative prominence of syllables in different positions within a disyllabic unit of both sandhi types. Based on the assumption of the relationship between tonal stability and prosodic prominence (Chen 2000) , syllables with citation tones are considered to be more prominent than those with sandhi tones. Since right dominant tone sandhi changes the tone on the left, it is expected to pattern with the iambic rhythm. As the left dominant tone sandhi changes the tone on the right, it is expected to behave like trochees.
Hypothesis and predictions
This paper hypothesizes that the Iambic/Trochaic Law (Hayes 1985 (Hayes , 1995 holds for complex tone languages, and thus, tone sandhi is a metrical phenomenon. In terms of duration and intensity, the two sandhi types (left and right dominant) are expected to pattern with the rhythm type (trochees and iambs) associated with each sandhi type. Here are the predictions.
Yiu (3) Predictions
Prediction 1 There are duration and intensity asymmetries between the two sandhi types, where duration contrast is expected for right dominant tone sandhi while intensity is expected for left dominant tone sandhi.
Prediction 2 Sandhi syllables are less prominent than citation syllables in the same syllable position, in terms of duration and/or intensity.
Prediction 3
Citation syllables of different rhythmic types are more prominent in their corresponding phonetic cues, while sandhi syllables are less prominent.
Methodology
3.1 Subjects Audio-recordings were obtained from two native speakers of Jieyang in their twenties.
They were both born and raised in the Jieyang speaking area of the Chaoshan region, China.
Stimuli
The data was elicited with a wordlist of seventy-two disyllabic units, covering all possible tonal combinations for both sandhi types. For example, citation tone H was paired with each of the six citation tones, so as to obtain data of all six sandhi forms when in combination with another syllable, resulting in six combinations for each tone, and thirty-six combinations for all six tones. After repeating the same process for the two sandhi types, this provides seventy-two combinations. The wordlist was randomized, and produced five times by each speaker. This provides a total of 1440 syllables for analysis (= 6 tones x 6 tones x 2 syllables x 2 sandhi types x 5 iterations x 2 speakers). The design of the wordlist made exhausting the tonal combinations a priority, and used real words instead of nonce words to ensure expected sandhi effects. Onset (nil, sonorant, aspirated stop, non-aspirated stop), vowel height (high, mid, low), and coda (nil, nasal, stop) were treated as random factors in the LMER models presented in the next section, so as to minimise their influence on distracting our models from testing the metrical hypothesis. For the morphosyntactic structure, constructions included are compounds, noun phrases, verb phrases, adjectival phrases, and adverbial phrases.
3.3
Data collection and analysis
The data was recorded in a sound booth using an earset microphone, attaching to a portable digital recorder at a sampling frequency of 44100Hz, monitored by the experimenter with a headphone set. The subjects were presented with the randomised words on a laptop one at a time, and were asked to read the words in a natural way. Subjects were also asked to fill in a language background questionnaire after the recording session so as to provide information on the specific Teochew dialect that they speak and potential interference from other dialects or languages to the one under investigation.
Segmentation of the recordings, and extraction of syllable duration and maximal intensity were performed in Praat (Boersma and Weenink 2018) . The duration and intensity measurements were compiled as a main data file to submit to Linear Mixed Effect Regression models in R (R Core Team 2018). lmerTest (Kuznetsova et al. 2017 ) was adopted in order to generate estimates for disyllabic units at both positions (i.e. the first and second syllables) of two sandhi types (i.e. right dominant and left dominant tone sandhi) for determining whether the durational and intensity contrasts of each estimate point are significantly different from each other in the expected direction under the Iambic/Trochaic Law (Hayes 1985 (Hayes , 1995 . Pvalues were calculated with the Satterthwaite approximation, one of the most conservative methods of pvalue calculation for LMER models having a small number of subjects (Luke 2017) . Comparisons of LMER models were also made to check whether sandhi type interacts with syllable position.
Results
The LMER model for both duration and intensity consists of fixed effects of sandhi type (left dominant and right dominant) and position of syllable (first, second). As random effects, there are intercepts for items, speakers, onset, vowel height, coda. Since sandhi type and position of syllable are important factors Yiu to our model, the model has also specified the by-speaker and by-item random slopes for the effect of position of syllable. It has also specified the by-speaker random slope for the effect of sandhi type. Further examination showed that the full combined factor model would not converge for some of the six pairwise comparisons, either in terms of duration or intensity. Therefore, when comparing the estimated values, a conservative version of the combined factor model which omitted the random slopes was used instead. Results of the pairwise comparisons will be presented in the next section to evaluate the hypothesis and predictions based on the Iambic/Trochaic Law.
Discussion
This section evaluates the three predictions based on the metrically motivated hypothesis in terms of estimated values of duration (ms) and intensity (dB) for different comparisons using LMERs. The relevant pairwise comparisons in terms of duration and intensity are extracted for discussing each of the predictions. For the convenience of description, I will refer to the first and second syllables of right dominant tone sandhi as R1 and R2; and those of left dominant tone sandhi as L1 and L2. Citation tone syllables are boldfaced. Table 1 shows the two pairs for evaluating Prediction 1, which include the first and second syllable of right dominant sandhi (i.e. R1 vs. R2), and the first and second syllable of left dominant sandhi (i.e. L1 vs. L2). For Prediction 1, the metrical hypothesis predicts duration and intensity asymmetries between the two sandhi types. Specifically, duration contrast is expected for right dominant sandhi whereas intensity is expected for left dominant sandhi. In Table 1 , for duration, syllables within a disyllabic unit contrast significantly for both sandhi types. On the other hand, the intensity contrast is significant only for left dominant sandhi but not for right dominant sandhi, resulting in an intensity asymmetry as predicted by the metrical hypothesis. By looking at the intensity asymmetry, left and right dominant sandhi maps neatly with trochaic and iambic rhythm respectively. We will examine the details of the relative prominence of syllables in different positions within disyllabic units of the two sandhi types in terms of duration and intensity via Prediction 2 and Prediction 3.
For Prediction 2, sandhi syllables are predicted to be less prominent than citation syllables in the same position of syllable in terms of duration and intensity. As explained in the above, when holding the position of syllable constant, the sandhi syllable of right dominant sandhi (R1) is expected to be shorter and quieter than the citation syllable of left dominant sandhi (L1). Similarly, the sandhi syllable of left dominant sandhi (L2) is expected to be quieter and shorter than the citation syllable of right dominant sandhi (R2). As seen in Table 2 , R1 is significantly shorter and quieter than L1, as predicted by the metrical hypothesis. Table 2 also shows that L2 is significantly shorter and quieter than R2, as predicted by the metrical hypothesis. The results agree with the metrical view that prosodic heads are more prominent than nonheads in a way that also conforms with the Iambic/Trochaic Law. For Prediction 3, citation syllables of different rhythmic types are predicted to be more prominent in their corresponding phonetic cues in terms of duration and intensity, while sandhi syllables are less prominent. As explained in the above, when comparing the citation syllables of left and right dominant sandhi, that is L1 and R2, L1 is expected to be louder but shorter than R2. When comparing the sandhi syllables of left and right dominant sandhi, R1 is expected to be shorter but louder than L2. Table 3 shows that L1 is significantly louder and shorter than R2, as predicted by the metrical hypothesis. Also, R1 is significantly louder than L2 and shows a non-significant tendency towards being shorter than L2 as predicted. This indicates that the prosodic heads of the two sandhi types tend to be more prominent particularly in duration or intensity depending on whether the head is initial or final within a disyllabic unit, as expected for iambs and trochees. Conversely, the prosodic non-heads of the two sandhi types tend to be less prominent particularly in duration or intensity depending on whether the non-head is initial or final within a disyllabic unit, just as expected for iambs and trochees respectively. The duration contrast and intensity contrast match the metrical predictions based on the Iambic/Trochaic Law.
Thus far, the metrical view of prominence based on duration and intensity contrasts largely matches the tonal view based on tonal behaviours in Jieyang. Among all components involved in the comparisons of the three predictions, the only pattern surfacing not as predicted is the duration asymmetry in Prediction 1, where an unexpected duration contrast is found for left dominant tone sandhi. Besides, considering both duration and intensity, the sandhi syllable of left dominant sandhi (L2) seems to be less prominent than the sandhi syllable of right dominant sandhi (R1). This matches the smaller sandhi tone inventory for left dominant sandhi (two tones) than right dominant sandhi (four tones), as mentioned in Section 2.1.
Conclusions
This paper has illustrated the application of the Iambic/Trochaic Law to complex tone languages like Jieyang (Teochew, Southern Min). With bidirectional tone sandhi on top of its six-tone inventory, LMER results based on duration and intensity measurements confirmed an interaction between rhythmic type and sandhi type. Results also showed that prominence in terms of duration and intensity contrasts largely behaves the way as predicted by the Iambic/Trochaic Law.
